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In an earlier study of rat lingual epithelium, we ex-
amined the total SDS-soluble protein from epith elia iso-
lated at different stages of development by polyacryla-
mide gel electrophoresis. In this study, rather than work 
with total SDS-soluble proteins, we have carried out a 
series of sequential extractions of bovine lingual epithe-
lium. To separate epithelium from connective tissue, 
slices of dorsal tongue mucosa were incubated in a so-
lution containing EDTA and 4 proteolytic enzyme inhib-
itors. We have isolated and partially characterized a 
low-molecular-weight (LMW) protein from the phos-
phate-buffered saline extract of bovine lingual epithe-
lium. In the work reported here, we describe som e of the 
biochemical and immunologic characteristics of this pro-
tein. The bovine lingual LMW protein has a molecular 
weight of 8700 ± 450, an isoelectric point of 4.7 ± 0.2 pH 
units, and a high content of the acidic amino acids as-
partate and glutamate. We prepared an antibody to 
LMW protein and examined its specificity by a microen-
zyme-linked immunosorbant assay (ELISA). We found 
that the antibody to LMW protein reacts very strongly 
against LMW protein while it exhibits no cross-reactivity 
with low levels of an authentic keratin protein but mod-
erate cross-reactivity at higher concentrations of this 
authent~c keratin protein. In a previous publication we 
have reported the immunohistochemical localization and 
distribution of this LMW protein. 
Keratins, the major protein components of stratifi ed squa-
mous epithelia, have been studied extensively in recent years 
[1-11]. Presently it is understood that this group of proteins is 
the type of intermediate ftlament protein that is characteristi-
cally found in abundance in epithelial cells. Intermediate fila-
ments (or lO-nm filaments) are one of the three major ftlamen-
tous or fibrous protein components of the cytoskeleton of all 
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EDTA: ethylenediaminetetTaacetate 
ELISA: enzyme-linked immunosorbant assay 
FG: Fast Green 
GAR goat antirabbit 
LMW: low-molecular-weight 
P AS: periodic acid-Schiff 
PBS: phosphate-buffered salipe 
pI: isoelectric point 
SDS: sodium dodecyL sulfate 
TO: tracking dye; R·f'I), mobility relative to TO 
eukaj'yotic cells, the other two being microtubules (25 nm in 
diameter) a nd micro- (or actin) ftlaments (6 nm in diameter). 
The protein subunits of microtubules, in term ediate filaments, 
and microfilaments have been well characterized in biochemical 
terms. Furthermore, it has been possible to assemble structmes 
with many of t he morphologic and biochemical characteristics 
of the native tubule or filament from highly pmified protein 
subunits of each appropriate type. 
In the case of microtubules and microfilaments, a substantial 
n urn ber of "associa ted," "accessory," or "rela ted" proteins h ave 
been described that have one or more of the following charac-
teristics: (1) They copurify with the major protein of t he tubule 
or ftlament, pru·t icularly when the pmification procedure is 
based on repeated cycles of polymerization-depolymerization. 
(2) These proteins have an effect on the in vitro rate of 
polymerization and/or depolymerization. In certain .cases, the 
proteins have an effect on al10ther function that can be meas-
ured in vitro such as gelation. (3) Some "accessory" proteins 
can be visualized at the ul trastructural level as "decorations" 
or "fuzz" or "arms," etc. (4) If light microscopic techniques such 
as immunocyto- or immunohistochemistry are used to localize 
these proteins, it is often found that they are seen in the same 
ge neral location as their major (or "parental" ) filamentous 
protein . 
There are 10 or more microtubule-associated proteins that 
have been described. Non-muscle-derived proteins that have 
been shown to be structm ally or functionally associated with 
microfilaments or that can interact with actin filaments number 
in excess of 30. To date, one intermediate filament-associated 
protein, fil aggrin, has been described [12]. This protein has the 
property of producing macro fibrils when mixed with interme-
diate filaments from several som ces. Filaggrin has been isolated 
fTom mouse and rat skin ; apparently in each case it is derived 
from a higher-molecular-weight precursor, stra tum corneum 
basic protein [12-14]. 
In om laboratory, th e major interest has been focused on 
low-molecular-weight (LMW) proteins of tongue epithelium 
which, we believe, may play a role in the earlier stages of 
epith elia l differentiation. In a previous study on the epithelium 
of rat tongue during embryonic development, we noted that, 
prior to the stage when a stratum corneum had appeared, a 
group of LMW proteins constituted a large proportion , about 
30%, of the total epithelial protein. At later stages of develop-
ment, i.e., after a stratum corneum had been formed, the 
reLative amounts of LMW proteins had diminished but still 
represented a substantial proportion, approximately 15%, of the 
total prote in in lingual epithelium [15]. 
In the present study, we report on the isolation, pUl'ification, 
and properties of a LMW protein isolated from bovine tongue 
epithelium. In a separate paper [16] we showed, by an immu-
nohistochemical technique, the localization of this LMW pro-
tein in bovine tongue and in a variety of stratified squam ous 
epithelia fro m several species. The bovine tongue was selected 
as our model primarily for two reasons: its size afford ed the 
opportunity to isoLate significant amounts of protein; the reLa-
t ive thickness of the malpighian layers, which is greater than in 
rat tongue, guaranteed that a sizeable portion of the tissue 
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would be in the earlier stages of differentiation in which LMW 
proteins were expected to be found in abundance. 
MATERIALS AND METHODS 
Materials 
The following chemicals were obta ined from Sigma Chemical Co., 
St. Louis, MissoUl'i: aprotin in; p-tosyl-L-arginine methyl ester; phenyl 
methyl sulfonyl floUl'ide; dithiothreitol. Acrylamide; N,N' methylene 
bis-acrylamide; sodium dodecyl sulfate; N ,N ,N ',N ' tetramethylene dia-
mine; glycine; Tris; and agarose (all E lectrophoresis PU1'ity ) were pur-
chased from Bio-Had Laboratories, Hichmond, California. Ampholines 
were obta ined from LKB Ins truments, Hockville, Maryland. Freund's 
complete and incomplete adjuvant were products of Miles Laboratories, 
E lkhrut, Indiana. Peroxidase-la beled goat antira bbit (GAR) IgG was 
obtained from Miles-Yeda, Elkhru·t, Indiana. Ultrapme mea was PUl'-
chased from Schwrutz-Mann Biochemicals, Orangeberg, New York. All 
other chemicals were Reagent Grade a nd were obtained from standard 
supplie rs. 
PUl'ified band 5 pro tein isolated from bovine stratum spinosum [11] 
was the generous gift of Dr. P eter Steinert, National Cancer Institute, 
Nationa l Ins titutes of Health, Bethesda, Maryland. This protein has 
been shown to pru·ticipate in the in vitro formation of 8- to 10-nm 
fi laments in the presence of one or more of the other 50,000- to 70,000-
da lton prote ins from bovine epidermis [17]. 
Buffer solu tions used in this study ru'e designated as follows: 
a. PBS-EDTA buffer - 0.15 M NaCl, 0.05 M (Na,H / KH2) phosphate, 
pH 7.4, 0.76% disodium ethylenediaminetetraacetate (EDTA) . 
b. PBS-EDTA inhibi tor solu t ion - PBS-EDTA containing the foLlow-
ing prote inase inhibitors: 1.0 mM p -tosyl-L-ru'ginine methyl ester, 1.0 
mM dithio threito l, 0.5 mM phenyl methyl sulfonyl fluoride, 25 units/ 
ml aprotinin. 
c. UPMS buffer - 2.0 M m ea, 0.05 M Na2HPO." 1.0% 2-mercaptoetha nol 
(ME), 0.1% sodium dodecyl sulfa te (SDS) , pH adj usted to 7.4. 
d. UTMS buffer - 8.0 M Ul'ea, 0.1 M Tris, 1.0% ME, 0.1% SDS, pH 9.0. 
M ethods 
Fresh bovine tongues were obtained within 30 min of s laughter from 
a local abattoir (Lincoln Meat Co., Chicago, Illinois), placed on ice, and 
tra nsported to the laboratory. The mucous membrane was dissec ted 
from the dorsal aspect of the anterior half of the tongue and sliced into 
pieces a bout 5 x 10 mm. In 'order to sepal'8te epithelium from under-
lying tissue, the specimens were incubated in auout 10 volumes of PBS-
EDTA inhibi tor solution at 37°C with hourly changes for 5-6 hr and 
left in a fresh change of solution overnight at room temperatme. After 
th is treatment, the epithelium can be peeled off easily with fine forceps. 
The peeled epitheLium was cut in to small pieces in 3 volumes of the 
PBS-EDTA -inhibitor solution and homogenized in a Virt is 60 homog-
enizer at 4°C for 5 min a t 30,000 rpm. The homogenate was centrifuged 
at 12,000 x g (4 °C) for 15 min. T he residue was homogenized a second 
time under the same conditions, centrifuged, and the two supernatant 
solu tions were combined. 
Protein was precipitated from this solution by the addition of solid 
(NH.')2S0" to 50% satl1l'ation. The precipitate was discarded and 2 more 
fraction were collected at 50-75% and at 75-100% saturation (see Fig 
1) . The 50-75% satmation fraction was redissolved and reprecipitated 
at 50% saturation. The resulting precipitate was discarded and the 
supernata nt was brought to 100% satuJ'8tion. The first 75-] 00% precip-
itate and the second 50-100% precipitate were combined and dissolved 
in UPMS buffer (s teps 1-8, Fig 1). 
SDS,PolyCtCl y lamide Gels 
Polyacrylamide slab gels, 1.5 mm thick, were prepared in the Bio-
Rad Model 220 vertical s lab electrophoresis ce ll according to the 
method of Ugel et al [18]. The gels were cast as 10- l8% linear gradients 
in polyac rylamide. To each channel 100 Ilg prot.ein solution was added. 
Bromphenol blue was used as the t racking dye ('I'D). E lectrophoresis 
was carried out a t cons tant power of 1.5 W un ti l t he 'I'D had entered 
the separating gel and then a t 3.0 W until t he TD was 5-10 mm from 
the bottom of the gel. The gels were fixed and stained with 0.04% 
Coomas ie Brilliant Blue (CBB) or 0.04% Fast Green (FG) in metha-
nol :acetic acid (5 vols methanol:7 vols 7% acetic acid) for 18 h.r and 
destained in acetic acid:methanol (9 vols 7% acetic acid:1 vol methanol) . 
The slab gels were sliced lengt.hwise and scanned in a Gilford 
recording spectrophotometer equipped with a linear transport. CBB 
gels were scanned at 580 nm, FG at 630 nm. The ru'eas under the 
prot.ein peaks were measUl'ed with a planimeter. 
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Molecular weights (MWs) of individual peaks on the gel were esti-
mated by comparing their re lative mobilities to those of known stan-
dru'ds run under identical condi tions. The standru'ds used were: cru'bonic 
anhydrase, MW 30,000; soybean trypsin inhibitor, MW 21,500; cyanogen 
bromide fragments of myoglobin, MW 2,600 and MW 8,300 [19]; ly 0-
zyme, MW 14,300; aprotinin, MW 6,500; ACTH, MW 4,500; and insulin 
A chain, MW 2,350, B chain MW 3,400. Detemination of the molecular 
weight of purified LMW protein was done as described by Berry [20]. 
Electrophoretic Elution of Protein from Destained Gels 
The prominent protein band migrating with greatest mobility was 
cut out of the slab gel after destaining and washed several times with 
PBS. The gel pieces were then incorporated into 7.5% SDS-PAGE 
cylinru'ical gels in 12 x 0.6 cm tubes [21]. Dialysis tubes containing 2-3 
ml of electrophoresis buffer a nd closed at one end were fastened to the 
bottom (anodal end) of the gel tubes and electrophoresis was cal'l'ied 
out at a constant current of 3 mA/ gel for 24 ill' with one change of 
electrophoresis buffer during the process. The contents of the dialysis 
bags were pooled and protein precipitated with 9 volUlnes of ('old 
acetone. After standing at -20°C, precipi tate was collected by centrif-
ugation at 27,000 x g for 20 min at 4°C. The residue was dissolved in 
UTMS buffer. This solution was ftltered sequentia lly t ill'ough 2 Milli-
pore fllters, pore sizes 0.45 11m and 0.22 ~Iln. 
Sucrose Gradient Centrifugation 
Thirteen millili ters of 15-40% lineal' sucrose gradient was layered 
over a 3.0-ml 70% sucrose cushion in cellulose nitrate ultracentrifuge 
tubes. The elu ted pro te in solu tion was made 2.0 M in UJ'ea by d ia lysis, 
and 1.0 ml (containing 0.5-1.0 mg protein) was layered over the gradient 
and centrifuged at 116,000 X g for 4 hr at 4°C. After centrifugation, 1.0-
ml fractions were collected from the tubes and tested for presence of 
the LMW protein on SDS-PAGE gradient slab gels as described above. 
The fractions containing the LMW protein were pooled, precipitated 
with 9 volumes of acetone at -20°C, washed 3 times with 90% acetone, 
and the precipitates were dissolved in UTMS buffer. Protein analyses 
were done according to the method of Lowry et al r22]. 
Anl.ibody Production 
Three-tent.hs milligra m of the sucro e gradient-pUl'ified LMW pro-
tein solu tion was d ia lyzed against 0.1 M NaHCO". The dialyzed protein 
was mixed with an equa l volume of Freund 's complete adjuvant a nd 
injected into a 6-month-old female a lbino New Zealand rabbit at 
multiple sites including in tramuscular, subcutaneous, and in traperito-
neal. Before injection, 50 ml of blood was collected from an eru' vein; 
this was to prep&re preimmune serum. One week after injection, a 
booster dose containing 0.23 mg pro tein mixed with an equal volume of 
Freund 's incomplete adjuvant was injected at multiple sites and, 3 
weeks later, a second booster dose given in the same manner. Blood 
was collected from an eru' vein 10 days a fter the second booster. Blood 
was a llowed to clot for 1 hI' at 37°C after which the serum was removed 
and stored frozen at -20°C. 
E nzyme·Linhed Immunosorbent Assay (ELISA) 
A modification [23J of ELISA [24] was used to detect the presence 
of antibody in the rabbit serum. Controls included substitution of other 
proteins for the rultigen: ovalbumin, bovine serum albumin, lysozyme, 
and ac tin . We u ed substrate plates (Cat. No. 1-223-29) from Dynatech 
Laboratories, Inc. , Alexanru'ia, Virginia, for these assays. Serum taken 
from the rabbit prior to immunization was used as a control for the 
antiserum. We also tested antiserum absorbed with LMW protein 
prepared as described previously [16]. 
I soelecl.r;c Focl/sing 
We followed two different procedures for measuring the isoelectric 
point (pI) of the LMW protein; in both methods the focusing was 
cal'J'ied out in 2.5 mm diameter polyacryla mide gels in the presence of 
detergent and urea. The fU'st method we followed is described in the 
Bio-Had T echnical Bulletin 1040 (April, 1976) except that the gels 
contained 1% Triton X-100, 6 M UJ'ea, 2% LKB pH 3.5-10 ampholines, 
and were polymerized with 0.04% ammonium persuLfate and prerun for 
2 h.r before use. The second procedUl'e is that of O'Fru-rell [251 except 
that we used pH 3.5-10 ampholines. The gels were fixed in 4% perchloric 
acid for severa l hours with 2-3 changes of perchloric ac id ; they were 
then placed in methanol:7% acetic acid (1:9) for 30-60 min and stained 
with CBB as described above for SDS-PAGE gels. 
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TONGUE MUCOSA 
(1) I PBS--EDTA- inhibitor soln. 
Connective Tissue Ep ithe lium 
(2) Homogeniz ed in PBS-EDTA-
inhibitor so ln.; centrif uged 
Soluble Frac tion Residue 
(3) 
Residue Supernatant 
(4) I (NH4)2S04 ppt i on. (75 % sa t.) 
Residu e 
Residu e 
(6) Disso lv ed in UPMS; 
ppted. with (NH4)2S04 
(50% sat .) 
Su perna tan t 
Supernatant 
(5) Ppt ed. with (NH4) 2S04 
(100% sat . ) 
(7) Ppted. with ( ~tl4)2S04 
(100% sat .) 
Su perna tan t Residue Resi du e Superna t a nt 
Dissolved in UPMS; 
run on SDS-PAGE slab gel s 
LMW band a ll other bands 
( 9) s t ain ed with eBB , cut out incorporated into 
cylindrical SDS-PAGE gel s , e l ectro e lut ed 
LMW band 
I -
(10) I Ppted . with 90% acetone 
Supernatant Residu e 
(11) Redissolved i n UTMS ; 
filtered (Mill ipor e); 
s u c ro se g radient centr ifu gation 
Purified LMlv prot e in 
FIG 1. Schematic fl ow diagram for the purification of bovine lingual LMW prote in. See Methods for details. 
Immunoelectrophoresis 
The procedure for crossed immunoelectrophoresis and for staining 
was done according to the methods described by Axelsen et al [26] 
using th~ LKB Multiphor apparatus. 
Amino Acid Analysis 
The purified protein was reduced and alkylated according to the 
method of Renaud et al [27]. T he alkylated protein was separated from 
iodacetamide on a Sephad~x G-15 column in 50 mM ammon'ium bicar-
bonate. T his carboxymethyiated protein was then lyophilized and 
hydrolyzed in 6.0 N HCI for 22 hI' at 110°C. Amino acid analyses of 
such samples were kindly performed by Dr. Robert H einrikson. De-
partment of Biochemistry, University of Chicago, and Dr. Arthur Veis, 
Departments of Oral Biology and Biochemistry, Northwestel'll Univer-
sity. 
RESULTS 
Electrophoresis of the total PBS-EDTA soluble protein in 
SDS-polyacrylamide gels revealed the presence of 18 or more 
protein bands when stained either with CBB or FG. The most 
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prominent of these bands was LMW protein (Fig 2) which 
constituted approximately 22% of the total protein in the extract 
(scans of 12 gels from 3 preparations). 
One explanation for the relatively large quantity of LMW 
protein could be proteolysis during the ini tial incubation with 
PBS-EDTA or subsequently. A comparison of the relative 
proportion of LMW protein in extracts prepared in the presence 
or absence of the 4 proteinase inhibitors revealed no significant 
diffeJ·ence . However, the possibility still remained that some 
intracellula.r proteolysis might have occwTed dW'ing transport 
ofthe tongue specimens to the laboratory. Therefore, thin slices 
of tongue epithelium were removed with a scalpel at the abatoir 
within 20 min of slaughter, minced, and placed in ice-cold PBS-
EDT A inhibitor solution. These pieces were homogenized in 
the laboratory and the soluble extract was subjected to SDS-
PAGE on the same day. The relative proportion of LMW 
protein was essentially the same as that seen in our routine 
preparations. To determine whether any of the protein had 
been removed from the tissue during step #1, the incubation 
solutions were pooled, centrifuged at 6000 X g to remove debris, 
lyophilized, resuspended in the incubation solution, and ana-
lyzed for protein. No significant amount of protein was detect-
able. 
The LMW protein recovered from the sucrose gradient cen-
trifugation migJ'ated as a single band with only trace contami-
nants bal'ely evident on the gel scan after SDS-PAGE (Fig 3). 
To test for the presence of carbohydrate, gels were stained with 
the periodic acid-Schiff (PAS) method [28]. No PAS-positive 
staining was present. 
Molecular Weight Estimation 
We estimated the molecular weight of the LMW protein to 
be about 10,000 on the basis of its mobility in our standard 
SDS-PAGE system. However, proteins with a molecular weight 
below 10,000-12,000 typically fall on a calibration curve with a 
different slope than proteins with molecular weights above 
about 12,000 [19]. Therefore, we chose an SDS-PAGE system 
that has been used to obtain the molecular weights of proteins 
from about 1,500 to 12,000 [20). In this system (Fig 4) the 
bovine lingual epithelial LMW protein migJ'ates with an appar-
ent molecular weight of 8700 ± 450 (n = 6). A definitive 
determination of the molecular weight of the LMW protein 
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FIG 2. Spectrophotometric scan of total PBS-soluble extract of iso-
lated bovine lingual epithelium analyzed by SDS-PAGE on slab gel. 
About 70 /lg of protein was electrophoresed; the gel was stained with 
FG and scanned at 630 nm. 
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FIG 3. Spectrophotometric scan of pw-ified LMW protein analyzed 
by SDS-PAGE on slab gel. About 60 Il-g of protein was electrophoresed; 
the gel was stained with FG and scanned at 630 nm. 
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FIG 4. Standru'd curve of molecular weigh t standru'ds and LMW 
protein. The gels were stained with eBB. The num.bers on the Fig 
indicate the Rm of (1) carbonic anhYcU'ase, MW 30,000; (2) soybean 
trypsin inhibitor, MW 21,500; (3) lysozyme, MW 14,300; (4) cyanogen 
bromide fragment of myoglobin, MW 8,300; (5) aprotinin, MW 6,500; 
(6) ACTH, MW 4,500; (7) insulin B chain, MW 3,500; (8) cyanogen 
bromide fragment of myoglobin, MW 2,600; and (9) insulin A chain, 
MW 2,350. The mobility of LMW protein is indicated by the X. The 
RI'IJ of t he protein standru'ds is based on 3-6 gel runs, and the Rro of 
LMW protein is based on 6 gel runs. The curve was cU'awn using the 
least squares method of cW've fitting. The hori20nlal bars at the X 
indicate the standru'd deviation of the RI'D of LMW protein. 
awaits purification of large enough amounts of the protein to 
be measlU'ed by classical physical chemical methods. 
The results of amino acid analysis are shown in Table I. 
About 25% of the residues are the 2 acidic amino acids, aspartic 
and glutamic; about 15% is glycine. Leucine and serine each 
make up about 9%. The aromatic amino acids constitute only 
6% with a 2:1 ratio of Phe:Tyr. The 1f2 Cys content amounted to 
an average of 2 residues/ IOO. 
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TABLE 1. Amino acid composition of LMW protein 
Amino acid Residues/ l 00 
Lys 5.5 
His 1.9 
Arg 4.1 
Asp 10.9 
Thr 4.6 
Ser 7.9 
Glu 14.4 
Pro 2.8 
Gly 14.6 
Ala 5.2 
I I Cys 1.4 
Val 5.8 
Met 1.1 
lle 4.7 
Leu 8.8 
Tyr 2.3 
Phe 3.9 
Glu-NH2 ND 
Gal-NH, ND 
Total 99.9 
Isoelectric Focusing 
The isoelectric point of the LMW protein was 4.7 on the basis 
of its position in the two systems we used. It was necessary to 
include urea because of LMW protein aggregation in its ab-
sence. Urea is known to increase the pK' u of carboxyl groups by 
as much as 1 pH unit [25]. We used bovine hemoglobin and 
bovine serum albumin (BSA), whose pI's are known, as stan-
dards. The actual pI of hemoglobin is 6.8 [29], but it focused at 
an apparent pI of 7.2; the actual pI of bovine serum albumin is 
4.9 [29] but it focused at an apparent pI of 5.5. The content of 
acidic amino acids (aspartic ± glu tamic) in hemoglobin is -9% 
[30] and in BSA is -17% [30], T he LMW protein contains -25% 
acidic amino acids and focused at an apparent pI of 5.5-5.7. On 
the basis of the high acidic amino acid content, we estimate the 
true pI of the LMW protein is 4.7 ± 0.2. 
Immunochemical Studies 
The purified preparation of LMW protein was used to elicit 
antibody formation in rabbits. Specificity of the antiserum was 
verified by in1munoelectrophoresis. A single precipitin arc was 
obtained by immunoelectrophoresis of the antiserum against 
LMW protein (Fig 5). T he ELISA method was also used as a 
more sensitive and quantitative estimate of antibody titer. 
When the antiserum was diluted to 1:100 and the peroxidase 
GAR was diluted 1:500, as little as 0.05 j.tg of LMW protein was 
detectable (Fig 6). Lesser dilutions of peroxidase GAR produced 
false-positive reactions in the control serum wells. Both pl'eim-
mune serum from the immunized rabbit and antiserum previ-
ously absorbed with LMW protein were used as controls. With 
the ELISA technique, specificity of the antiserum was tested 
against the following: bovine serum albumin, ovalbumin, lyso-
zyme, and actin. None of the controls showed reactivity. 
Because of a general similarity in amino acid composition of 
LMW protein to that of keratin proteins, the anti-LMW anti-
serum specificity was tested against t he band 5 protein of 
Steinert and Idler [11]. As is seen in Fig 6, even at the lowest 
concentration of LMW protein (0.05 j.tg) tested there is a posi -
tive reaction, with maximum color attained at 0.26 j.tg. In 
contrast, there is no reactivity of anti-LMW with band 5 below 
0.5 p.g and the reactivity increases gradually until at 5 p.g of 
band 5 there is about 90% of the color production seen at 0.26 
j.tg ofLl'yIW protein. However, when more than 2-3 j.tg of protein 
are loaded into a well, nonspecific binding of antiserum OJ' 
preimmune serum occms. Thi~ often produces variable and 
high levels of color (data not shown). Therefore the high level 
of reactivity at high antigen concentrations is probably due to 
nonspecific antibody binding. When calculated on a molar basis 
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FI G 5. CBB-stained crossed immunoelectl'ophore togram o f' pur ified 
LMW prote in (50 /.Ig). The rabbit a nti-LMW prote in serum WHS diluted 
1: 100 before use. 
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FIG 6. ELISA of rabbit anti-LMW protein vs LMW protein (e) and 
band 5 protein (0 ). 
(band 5 protein, 48,000 daltons; LMW protein, 8,700 da ltons) 
the relative reactivity of LMW protein antiserum is at least 5 
times greater vs LMW protein than vs band 5 protein. 
DISCUSSION 
T he most abundant protein in a neutral salt-soluble extract 
of bovine tongue epithelium has been isolated. PUl'ified LMW 
protein, which constitutes approximately 22% of the total PBS-
soluble proteins, migl'ates as a single band on SDS-PAGE and 
has an apparen t molecular weight of 8,700 ± 450 and a pI of 4.7 
± 0.2. During the present study every effort was made to 
eliminate the possibility that LMW protein was an artifact 
caused by endogenous proteolysis dW'ing handling of the tissue. 
The use of potent inhibitors of proteolytic activity as early in 
the procedw'e as possible, including the dissection and immer-
sion of lingual epithelium in the inhibitor solution at the abat-
toil' less than 20 min after slaughter, mitigate aga inst the 
a rtifactual presence of LMW in the PBS extract. Furthermore, 
there is no clear evidence that dW'ing the homogenization of 
epidermal tissue for the preparation of keratins, any of the 
keratin proteins are degraded by proteolysis. Oul' inability to 
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detect any measurable protein in the PBS-EDTA inhibitor 
solution used to separate the intact epithelium [Tom the con-
nective tissue further argues that the LMW protein found in 
the same solution after homogenization of the epithelium is an 
authentic component of the epithelial cells and is not a degra-
dation product. While the possibility of degradation cannot be 
ruled out entirely, the precaut ions followed dUl"ing isolation of 
the LMW protein, with other supporting evidence, render this 
possibility highly unlikely . 
Although the fact that the purified LMW protein migrated 
as a single band on SDS-PAGE and on isoelectric focusing is 
not a sufficient criterion for molecular homogeneity, we were 
able to detect only a single band in the three different SDS-
PAGE and two isoelectric focusing systems used in this study. 
In preliminal'y attempts to sequence the LMW protein there 
was no detectable free amino terminus. This is not an uncom-
mon finding among other cytoskeletal proteins, including filag-
grin [12). This suggests that the pUl"ified LMW protein is not a 
mixtUl"e of fTagments of LMW proteins. Radioactive labeling 
studies would be helpful in clarifying any possible preCUl"sor-
product relationship between a high-molecular-weight precUl"-
sor and LMW protein. 
The possibility that LMW p1"otein may be related to keratin 
is suggested by the slight immunoreactivity with Steinert and 
Idler's band 5 protein. Immunohistochemical evidence reveals 
the presence ofLMW protein in the stratum sp inosum of bovine 
lingual epithelium [31]. These experiments are described in 
detail in a previous paper [16] which shows that in the 6 
vertebrate species tested, immunoreactivity could be demon-
strated only in stratified squamous epith elia. The specific lo-
calization ofLMW protein to the stratulll spinosum of cornified 
stratified squamous epithelia also contrasts both to the distri-
bution of keratins and to the distribution of filaggrin (in these 
types of tissues). Absorption ~f the LMW antiserum with LMW 
protein completely abolished the immunohistoreactivity, but 
absorption with band 5 protein affected immunohistoreactivity 
only slightly, if at all. These results provide evidence that LMW 
protein and band 5 protein are distinct entities. 
There are differences in solubility between LMW protein and 
keratins that suggest these proteins are different. A significant 
fact discussed in the histochemical paper is that tissues are only 
reactive immunohistochemically when fixed in an acidic fixative 
but not in neutral fixatives. Such conditions of fixation are not 
required for the immunohistochemical demonstration of kera-
tins, tonofilaments, or other intermediate filaments [32). The 
solubility of LMW protein in PBS and the requirement for 
acidic fixation in the immunohistochemical experiments al'e 
data which contra t sharply with the solubility properties of 
keratin(s}. Generally, keratin(s} require concentrated Ul"ea so-
lutions containing sulfhydryl reagents to be solubilized. There 
are similarities in the amino acid compos ition of LMW protein 
and many of the epidermal keratins; e.g., bovine snout [1, 8, 10, 
11], newborn rat skin [2-4, 6], and cultUl"ed epidermal cells 
[5]; fUl"thermore, keratins also have acidic pI's. LMW protein is 
about 1/8 to 1/ 5 the reported molecular weights of the keratins 
[33,34]; therefore, it is not surprising that these distinct proteins 
may reveal immuno cross-reactivity. 
Steinert has proposed a model for keratin intermediate fila-
ments [35] in which there are domains withill the filaments 
with very different properties, e .g., globular acidic and basic 
regions and coiled-coil a-helical regions [32]. It is possible that 
the acidic LMW protein is involved with some aspect of the 
formation and/ or stabilization of keratin filaments. In such a 
capacity, LMW protein may prove to be a specific intermediate 
filament-associated protein. That LMW protein has been iso-
lated and characterized before its function is clearly understood 
would be analagous to the history of stratum corneum basic 
protein in light of the recent role of this protein in causing 
macrofibril formation. Future experiments will be designed to 
chru'acterize further LMW protein and to test it".s possible role 
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in the biochemical and morphologic maturation of stratified 
squamous epithelia. 
The authors ru'e grateful for the technical as istance of Mrs. TamaJ"a 
Geinisman. 
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An Autoradiographic Study of Cell Kinetics in Epidermis of the Toad 
Bufo bufo bufo (L) 
HILDE LEVI AND ARNE NIELSEN 
Zoophysiological Laboratory A and Institute of Medical Genetics, University of Copenhagen, Copenhagen, Denmark. 
Under normal conditions, the toad Bufo bufo bufo 
molts about once a week. It was considered of interest to 
study whether the rhythmic pattern of cell loss through 
shedding of a stratum corneum is correlated with a 
rhythmic production of cells in stratum germinativum. 
An autoradiographic investigation of cell kinetics in toad 
skin using PRJ-thymidine and [14CJ-thymidine as precur-
sors revealed that cell production in stratum germinati-
vum is a continuous process, and the cell production rate 
is much higher than is r equired for replacement of the 
cells lost-with each molt. The parameters measured, i.e., 
% labeled cells, length of cell cycle, and S-phase, as well 
as migration of labeled cells from stratum germinativum 
toward stratum corneum support the assumption of an 
inhomogeneous cell population in stratum germinati-
vum. A model proposed by Potten for the cellular orga-
nization of mouse epithelium provides a useful basis for 
the interpretation of the results obtained in the present 
study. 
Adult toads, Bufo bufo bufo, molt about once a week. During 
the molting process, the l-cell-Iayer-thick stratum corneum is 
shed, and the replacement layer becomes a new stratum cor-
neum. As a rule, the entire slough is removed by the animals 
with their front legs when it has ruptured on the back; they 
then eat it. This process takes only a few minutes. 
In a previous paper, JS')rgensen and Levi [1) have shown that 
the rhythmic pattern of cell loss from the toad epidermis is 
correlated with a continuous production of cells within the 
stratum germinativum. Hence, the toad epidermis represents a 
system in which the outflux of cells per unit time can be 
measuxed with considerable accuracy by counting the number 
of cells per unit area shed with each slough. Also the cell 
production rate in stratum germinativum can be determined 
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fairly accuI"ately from the labeling index after injection of 
tritiated thymidine. 
The present paper deals with a more detailed analysis of cell 
kinetics in the toad epidermis, i.e., measurements of labeling 
index, cell cycle time, duration of the S-phase, migration of cells 
from stI"atum germinativum toward stratum corneum, as well 
as estimates of cell fluxes. The data obtained are interpreted in 
terms of a simplified model proposed by Potten [2]. 
MATERIALS AND METHODS 
M ale toads Bufo bulo bufo caught either in the spring or in the fall 
were used Uu-oughout. They were kept in outdoor ponds, but at least 
4 weeks prior to the start of an experiment, animals were transferred to 
the laboratory and kept in a temperature-regulated room at 20°C. They 
had access to water and were fed mealworms about twice a week. Theil' 
molting cycles were recorded using l.ipstick marking of the dorsal skin 
as described by Bendsen [3]. 
["H)-Thymidine (20 Ci/mmol) and I.IC-labeled thymidine (40-60 
mCi/mmol) were purchased from New England Nuclear Corp. T he 
animals were inj ected into the lymph sac wi th a constant dose of 2.5 
!tCi/g body weigh t, and the first injec tion was always given at 11 AM. 
The animals were then placed individually in to small plastic conta iners 
on moist fi lter paper. 
One finger was removed whenever a skin sample was needed for 
study. This sample was fixed in 4% neutral formalin . After incision on 
the ventral side, the bone was removed under the dissection microscope, 
the tissue was dehydrated and embedded in tissuemat. Sections were 
cut a t 6/W1. 
The autoradiographic procedure was strictly standardized. Ilford K 
5 emulsion was diluted 1 part emulsion plus 2 parts distilled water at 
43°C and filtered through gauze to remove ail' bubbles. After processing 
of the plates, the t issue was stained with hematoxylin and eosin and 
mounted in Depex . 
Autoradiograms were analyzed by visual cell and grain counting 
under oil immersion. In most case, 500- 1000 cells from each tissue 
sample were evaluated. They were grouped as zel'O grain nuclei, nuclei 
with 1-3 grains, 4-14 grains, 15- 40 grains, and > 40 grains/nucleus. 
Moreover, for detailed analyses of grain distribu tions, e.g., as a function 
of time after injection of the precursor, the number of grains over each 
cell nucleus was registered. 
Background was determined by counting the number of grains/uni t 
area in the emulsion at a distance of several hundred microns from the 
tissue section, and also by detel'mining the distribu tion of grains over 
cell nuclei in an inactive control section coated and processed together 
with "active" sections. The probability for a given number of back-
ground grains over a well-defined area (nucleus) can then be calculated. 
